Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 665 545 A2 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 94480145.5 
@ Date of filing: 24.11.94 



© int. ci.«: G11B 19/20, G11B 33/08 



® Priority: 28.01.94 US 188178 


Minnesota 55906 (US) 




inventor: Khanna, Vijayeshwar Das 


@ Date of publication of application: 


3 Hudson View Hill 


02.08.95 Bulletin 95/31 


Ossining, 


©" Designated Contracting States: 


New York 10562 (US) 


Inventor: Kumar, Suresh 


AT BE CH DE ES FR GB IT LI NL SE 


18 Edinburgh Drive 




Peekskill, 


@ Applicant: International Business Machines 


New York 10566 (US) 


Corporation 


Inventor: Sri-4ayantha, Muthuthamby 


Old Orchard Road 


32 Sherwood Avenue 


Armonk, N.Y. 10504 (US) 


Ossining, 




New York 10562 (US) 


© Inventor: Aoyagi, Akihiko 




2231-40 Fujisawa-shi 


© Representative: Lattard, Nicole 


Kanagawa-ken 251 (JP) 


inventor: Boutaghou, Zine-Eddine 


Compagnie IBM France 


2910 Northern Slopes Lane N.E. 


D6partement de Propria Intel lectuelie 


Rochester, 


F-06610 La Gaude (FR) 



< 

in 
in 

in 
<o 

CO 



© Crash stop shock ring for the protection of disk drive motor bearings. 



© A technique for preventing damage to ball bear- 
ings in small form factor device is disclosed where 
the device has at least one crash stop ring disposed 
about the shaft and inside the rotor of a device. The 
ring is dimensioned to permit only a small amount of 
movement of the rotor relative to the shaft. The 
permitted movement is less than the minimum 
movement which would cause damage to the ele- 
ments of the ball bearing. 
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Field of th e Invention 

This invention relates to the prevention of dam- 
age to ball bearings in high precision disk drive 
assemblies and more specifically to the prevention 
of ball bearing damage in small ball bearings caus- 
ed by shock impacts. 

Backgro u nd Art 

As precision devices such as disk drives are 
reduced in size, the components of the disk drive 
assembly likewise must be reduced in size, When- 
ever the ball bearings of the disk drive motor are 
made smaller to fit into the small form factor disk 
drives, the ability of the ball bearing assemblies to 
withstand impact and shock forces is significantly 
reduced. Although the design of the component, 
specifically the ball bearing, may be substantially 
the same as the design for its larger predecessor 
counterpart, the reduced load rating of the individ- 
ual components of the ball bearing assembly can- 
not accommodate the same level of forces without 
experiencing failure as may be exerted onto the 
larger ball bearing assemblies. Because the preci- 
sion manufacture of small form factor disk drives 
requires extremely fine tolerances and provides 
little allowance for deviations in performance, aug- 
mentation of the shock tolerance of the reduced 
size components is required in order that these 
disk drives be sufficiently rugged to withstand im- 
pacts and shocks which can be commonplace. 

Shocks exerted onto the ball bearings can be 
axial, in the direction of the axis of the shaft on 
which the bearing is disposed; radial, substantially 
perpendicular to the axis of the shaft; or a com- 
bination of radial and axial should the impact force 
be exerted at a distance displaced from the plane 
of the ball bearing. In addition to the force factors 
of axial and radial force vectors, a moment or 
torquing about the ball bearing assembly can occur 
due to an off-line force coupled with one of the ball 
bearing assemblies acting as a pivot and the other 
ball bearing assembly being the source of the 
resistance to the moment. For ball bearings which 
absorb a substantially axial impact, the load of the 
impact is shared by all of the balls in the ball 
bearing assembly. However, if a ball bearing as- 
sembly is impacted in a radial direction, quite pos- 
sibly only one of the balls of the ball bearing 
assembly may carry the entire load of the impact. 

As the impact occurs in the radial direction, the 
force exerted on the outer race will impart a force 
to one or more of the balls placed between the 
outer race and the inner race, and then only on 
those balls which are resident in the semi-circular 
annular region between the outer and inner races 
and on the side of the shaft where the impact force 



is focused. 

As will be appreciated whenever there are a 
small number of balls in the ball bearing assembly, 
six for example, and one of those bails is directly 

5 between the axis of the force impacting the outer 
race against the ball and toward the axis of the 
shaft, all or substantially all of the impact force will 
be carried by that single ball. As the force is 
transmitted against the inner race by the ball or 

10 balls positioned to carry the impact force, the shaft 
of the device, such as a disk drive for example, will 
resist any movement of the inner race. Depending 
on the magnitude of the shock or impact force, the 
material in the inner and outer races or the balls 

75 will begin to deform to a varying extent. Respond- 
ing to a small force, the ball wili' tend to penetrate 
the respective race surfaces by a corresponding 
small amount. No damage wili occur so long as the 
penetration of the ball into the race of the ball 

$0 bearing assembly or the ball deformation is totally 
within the elastic limits of the materia) from which 
the inner and outer races are fabricated. Once the 
impact force has been dissipated and the ball 
bearing assembly returns to its unaffected state, 

25 the elastic nature of the deformation will permit the 
balfs and races of the ball bearing to restore them- 
selves to an unaffected shape and surface. 

On the other hand, should the shock or impact 
force be sufficient to deform the inner and outer 

30 races or balls beyond their elastic limit and into a 
region of plastic deformation, the surface of the 
race or ball is deformed to the point where the race 
or ball surface will not resume its original configu- 
ration and thus will present an irregularity as the 

35 balls rolls past the point of penetration causing 
vibration and runout of the bearing. Due to bearing 
vibration and runout, there is a resulting runout of 
the rotor of the disk drive motor. Since the rotor is 
attached to or is part of the hub which in turn 

40 supports the magnetic disks, there will be a cor- 
respondent runout of the disk. Runout of the disk is 
unacceptable beyond very small limits because the 
runout will cause recording track misregistration 
and it will be impossible to read data which has 

45 been previously recorded on the magnetic disk 
surface in a circular track of a precise radius. 

Similarly, if data is being recorded on a disk 
which is experiencing runout beyond an acceptable 
limit, the recording track being laid down on the 

so surface of the disk may not correspond to the 
position of the track at a future time as an attempt 
is made to read the data from the magnetic disk. 
While the deformation in the inner and outer race 
surfaces may be only measurable in micro inches 

55 in a very small precision ball bearing, these small 
surface disruptions are sufficient to severely de- 
grade the performance of the bearing and the 
device incorporating the bearing. 
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Due to manufacturing tolerances, design con- 
straints as well as the inherent elasticity of the 
materials from which the bearings, shaft and the 
hub of the disk drive are manufactured, some very 
limited movement of the rotor may occur about 5 
and/or along an X or Y axis and along the Z axis, 
where the axis of rotation and the Z axis ate 
coincident and the X and Y axis are radial to the 
shaft. Depending upon the point of impact or 
shock, the most likely motion will be a rotation of to 
the rotor may occur about either or both of the X 
and Y axes. This rotation of the hub and con- 
sequently the inner and outer races will compress 
at least one ball in each of the bail bearing assem- 
blies. Depending on the amount of the rotational 15 
movement and the spacing of the bearings, the 
compression may exceed the elastic deformation 
limrt,,of the material of the races. 

Where the bearing assemblies are both placed 
at positions near one end of the rotor and con- 20 
sequently one end of the shaft, the potential for 
bearing damage is increased. This increased po- 
tential for damage is due to the lever arm through 
which the impact force may act, thereby increasing 
the force on the balls and races. The only viable 25 
approach to preventing any damage caused by 
shock or impact forces is to cushion the device to 
absorb some or all of the forces or to block trans- 
mission of the forces to the bearing assemblies. 

30 

Summary of the Invention 

It is an object of the invention to limit the 
damage to ball bearing assemblies which may re- 
sult from impact or shock forces. 35 

(t is another object of the invention to limit the 
undesirable movement of the rotor of a motor hav- 
ing precision ball bearings therein along or about 
the X and/or Y axis or along the Z axis where the Z 
axis and the axis of rotation of the rotor are co- 40 
incident. 

It is another object of the invention to eliminate 
such detrimental rotational motion of the rotor 
about the X and Y axis by blocking such move- 
ment 45 

tt is a still further object of the invention to 
eliminate such movement about the X and Y axis 
by clamping the rotor with respect to the stator. 

By limiting rotor movement in directions other 
than the desired rotation about the designated axis 50 
of rotation, the Z axis herein, compression of the 
bearing balls against the races is limited. Limitation 
of such undesired movement may be approached 
in one of several ways. 

One approach is to dispose a crash stop ring 55 
about the stator or shaft of the motor and inside the 
interior diameter of the rotor. The exterior surface 
of such a crash stop ring confronts the interior 



surface of the rotor. If the rotor attempts to rotate 
about an X or Y axis or move along the X and/or Y 
axis or a combination thereof, the crash stop ring 
will move, relatively, into confrontational engage- 
ment with the interior surface of the rotor thus 
preventing the rotor from any further unwanted and 
detrimental rotational or translational movement. 
The crash stop ring and bearing assemblies wifl 
share the impact or shock forces thus reduce the 
loading on the bearing components to enhance the 
likelihood of no damage to the bearing. 

For damage to the race surfaces to occur, the 
outer race must be moved by an amount that will 
translate into damaging penetration of the ball into 
the race surface, leaving surface irregularities on 
the races. The spacing between the exterior sur- 
face of the crash stop ring and the interior surface 
of the rotor is designed to be less than the distance 
that the rotor must be displaced to exceed the 
elastic deformation limits of the bearing races. By 
permitting the rotor to move a small amount and 
still remain within the elastic deformation limits of 
the inner and outer race materials, the rotor may 
be moved into engagement or contact with the 
crash stop ring. Once the crash stop ring is en- 
gaged with the rotor structure, the crash stop ring 
will resist any additional movement of the rotor. 
Since the crash stop ring is solid, its compres- 
sionability will be significantly less than the com- 
pressionability of the ball bearing assembly. Ac- 
cordingly, at least some of the impact forces will 
be transmitted to and borne by the crash stop ring 
to the shaft or stator of the disk drive motor. While 
some forces will continue to be exerted onto the 
ball or balls of the ball bearing assemblies, the 
forces will be sufficiently limited to prevent de- 
formation in the inner and outer races not to ex- 
ceed the elastic deformation limits of the material. 

Once the crash stop ring and the rotor are 
engaged with each other and the shock impact 
forces are being shared by the crash stop ring and 
transmitted to the shaft or stator, no further move- 
ment of the rotor with respect to the stator about 
either or both of the X or Y axes will be possible. 
Without any additional relative movement, there will 
be insufficient displacement of the outer race with 
respect to the inner race to cause any further 
penetration of the balls into the surface of either 
the inner race or the outer race, thereby suppress- 
ing any damage to either of the race surfaces or 
the balls of the ball bearing assembly. 

The crash stop ring may be either a passive or 
an active device. In the case of a passive crash 
stop ring, the clearance between the external sur- 
face of the ring and the internal surface of the rotor 
is determined and fixed at the time of manufacture. 
The gap between the two surfaces is designed and 
constructed to be less than the distance that that 
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portion of the rotor must move in order to cause 
damage to the beatings. 

In the case of an active crash stop ring, the 
crash slop ring may be a composite formed of a 
shallow cup-shaped metal member having a central 
hole therein to accommodate the shaft of the stator 
and having an external cylindrical wall having a 
thickness sufficient to withstand impact of the rotor 
against the wall. The wall, as well as the radial 
flange portion of the ring, must be relatively thin in 
order to be deformed by an annular ring of piezo- 
electric material and then bonded into the interior 
of the shallow cup-shaped metal ring. The resultant 
composite ring then may be contracted by the 
piezoelectric ring portion when an electrical poten- 
tial is applied thereto. The composite ring structure 
is fabricated to dimensions such that the outside 
dian>eter dimension of the composite crash stop 
ring in its relaxed state is slightly larger than the 
interior diameter of the rotor at the region where 
the crash stop ring engages the interior of the 
rotor, to effectively seize the rotor surface. 

Further, the characteristics of the piezoelectric 
material are selected and the dimensions of the 
piezoelectric material are defined so that when the 
composite crash stop ring is provided with an elec- 
trical potential, the contraction of the piezoelectric 
material will be sufficient to pull the exterior diam- 
eter of the composite crash stop ring to a dimen- 
sion of less than the interior diameter of the rotor 
thus effectively disengaging the crash stop ring 
from the rotor and permitting the rotor to turn freely 
about its axis of rotation. 

When the electrical potential is removed from 
the composite crash stop ring, the ring will restore 
to its relaxed state and effectively grab or seize the 
interior surface of the rotor, not only preventing 
rotation of the rotor about its axis of rotation but 
also stabilizing the rotor, so that no movement of 
the rotor around or along either the X or Y axis 
may occur. It is recognized that piezoelectric ma- 
terials, although solids, are compressible or defor- 
mable to some extent. However, the crash stop 
ring will absorb sufficient force to prevent damage 
to the ball bearing assemblies of the disk drive 
within the design criteria for the device and the 
bearings. 

The crash stop ring also may be positioned 
exterior to the rotor if the exterior of the rotor is 
manufactured to sufficiently close tolerances to 
permit a closely fitting ring to encircle the rotor 
without affecting rotation of the rotor around the 
axis of rotation. The only other additional require- 
ment would be that the necessary mounting struc- 
ture for the ring exist and be compatible with the 
remainder of the design of the device in which the 
crash stop ring is included. 



An additional embodiment of the crash stop 
ring stabilization of a rotor would include a flange 
extending in the radial direction from the rotor. A 
piezoelectric ring would be rigidly mounted on both 

s sides of the flange to engage one of the planar 
surfaces of the flange when the piezoelectric ring is 
in the relaxed state. With two such crash stop rings 
disposed so that the rings can engage both planar 
surfaces of the flange, the rotor is effectively 

io clamped between the two piezoelectric crash stop 
rings whenever the piezoelectric crash stop ring is 
disconnected from the power source used to con- 
tract the piezoelectric material in a direction parallel 
to the axis of rotation of the rotor. The piezoelectric 

is material would be fabricated in such a way that the 
orientation of contraction would be substantially 
normal to the plane of the crash stop ring, and the 
material would be oriented, in the particular crash 
stop ring assemblies, to contract in a direction 

20 opposite that of the other crash stop ring so that 
the engaging surface of each crash stop ring can 
be withdrawn and disengaged from the surfaces of 
the rotor flange. 

One significant characteristic of the composite 

25 piezoelectric crash stop ring structure is that the 
extent of contraction of the piezoelectric material 
and therefore of the composite ring structure may 
be controlled by the magnitude of the electrical 
potential applied thereto; therefore, the gap be- 

30 tween the crash stop ring and the engaging surface 
of the rotor may be controlled during operation to 
present the smallest possible operating gap, if it is 
desired, to precisely control the gap between the 
crash stop ring and the rotor during the operation 

35 of the disk drive. At the time that the rotor and 
disks of the disk drive are brought to a standstill, 
the piezoelectric material is allowed to return to its 
relaxed state and seize the rotor. 

A more complete and detailed understanding 

40 of the invention may be had by reference to the 
drawings and the detailed description of the inven- 
tion to follow. 

Drawings 

45 

FIG. 1 illustrates a conventional spindle motor 
such as may be used in a disk drive. 

FIG. 2 is an illustration of the spindle motor of 
FIG. 1 wherein crash stop rings have been pro- 
50 vided to reduce shock damage. 

FIG. 3 illustrates another arrangement of the 
crash stop rings within the spindle motor illustrated 
in FIG. 1. 

FIG. 4 illustrates an embodiment having crash 
55 stop rings disposed adjacent to the ball bearing 
assemblies of a spindle motor wherein the crash 
stop rings may be electrically' controlled to engage 
and to disengage the spindle motor rotor. 
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FIG. 5 illustrates a crash stop ring of the type 
found in the motor illustrated in FIG. 4. 

FIG. 6 illustrates a piezoelectric crash stop ring 
utilized to clamp a flange on the spindle motor 
rotor. 

Fig. 7 illustrates a disk drive which may utilize 
the crash stop rings of this invention. 

Detailed Description of the Best Mode of the Pre- 
ferred Embodiments of the Invention 

Referring now to the spindle motor of FIG. 1, 
the spindle motor 10 is comprised of a shaft 12 
carrying thereon a coil or coils 14 to create the 
magnetic fieid necessary to make the motor 10 
operate. Surrounding shaft 12 are ball bearing as- 
semblies 16, 17 which in turn support rotor 18. 
Rotor 18 carries on an interior surface 64 field 
magnets 21 to interact with the magnetic field 
generated by coil 14. Ball bearing assemblies 16, 
17 surround shaft 12 and support rotor 18. Ball 
bearing assemblies 16, 17 are formed convention- 
ally of inner races 20, 26, outer races 22, 28 and 
balls 24, 30, respectively. Balls 24, 30 engage the 
surfaces of races 20, 26 and 22, 28 in the form of a 
point contact. As a force is exerted onto the balls 
24, 30 either by gravity acting upon the rotor 1 8 or 
due to the impacting of a shock force onto rotor 18 
or through shaft 12, the engagement of the balls 
24, 30 with the races 20, 26, 22, 28 changes from a 
point engagement to an elliptical shaped engage- 
ment due to the curvature of the races 20, 22, 26, 
28 that encircle shaft 12. 

By way of an example, an impact force is 
illustrated in its component parts by arrows Fx and 
Fz. Fz exerts a force substantially parallel to the 
axis of shaft 12. The force Fx is substantially per- 
pendicular to the axis of shaft 12. If point P2 is 
taken as the pivot point for the purposes of analyz- 
ing the effect of force Fx, the force will be transmit- 
ted about point P2 and will result in the compres- 
sion of race surface 22 onto ball 24 at the point 
indicated by the arrow 40 and the corresponding 
force will be transmitted from ball 24 at arrow 42 
onto inner race 20. The tendency will be to spread 
the races 20 and 22 away from the remaining balls 
of the ball bearing assembly 16. Thus the major 
portion, if not the entire force on the races 20 and 
22, will be concentrated at ball 24. As rotor 18 
attempts to make a clockwise movement as in- 
dicated generally by arrow 32, about point P2, balls 
30 will be compressed by the races 26, 28 in ball 
bearing assembly 17 and will exert forces at points 
and in the general direction of arrows 44 and 46 
onto the inner race 26 and by outer race 28 onto 
the ball 30 as indicated by arrows 48 and 50. If 
sufficient movement of rotor 18 is permitted about 
point P2 in the direction of arrow 32 the forces 



exerted by balls 24 and 30 onto the respective 
races 20 and 26 will exceed the elastic limit of the 
materials from which the races 20, 26 are fab- 
ricated. A similar analysis may be made with re- 
s spect to other pivot points such as P1 . 

Similarly, races 22 and 28 will exert forces 
created by the movement of rotor 18 in direction 
32, and thus will cause balls 24 and 30 to penetrate 
the surfaces of races 22 and 28 to an extent that 

10 the penetration will cause deformation exceeding 
the elasticity of the race material and will accord- 
ingly pass into the plastic region thus permanently 
deforming the race surface. 

A small deformation which is permanent then 

15 will cause vibration and runout during the disk drive 
operation. Runout in the bearing assemblies 16, 17 
will cause a corresponding runout of rotor 18 and 
of disks 52 which are supported by and rotate with 
rotor 18. When runout occurs, track misregistration 

20 occurs between the tracks of data (not shown) 
written onto the magnetic disks 52 and a read/write 
head (not shown) which is positioned in extremely 
close proximity to and at precise radial distances 
from the axis of shaft 12. When track misregistra- 

25 tion occurs, data that has afready been stored on 
the disk 52 cannot reliably be retrieved and any 
data being written to the disk 52 during track 
misregistration then will be spatially misplaced and 
in all probability will not be retrievable at a later 

30 time if the runout proves to be non-repeatable or is 
manifested as vibration. Typical runout for small 
form factor disk drives 11 is in the range of two to 
three micro inches while an acceptable amount of 
runout is typically less than five to six micro 

35 inches. When runout exceeds the five to six micro 
inch limit, the reliability of reading and writing on 
rotating disk 52 is severely degraded and the disk 
drive 11 may become inoperable. 

While force Fx is indicated as impacting onto 

4o rotor 18, it should be understood that if the disk 
drive 1 1 or the computer into which it is incor- 
porated is dropped or shocked at an appropriate 
angle, shaft 12 will be the source of the shock with 
the inertia of the rotor 18 and disks 52 tending to 

45 create a force transmitted through the bearing as- 
semblies 16, 17 which is analogous to or may be 
considered to be a force Fx exerted onto the rotor 
18. 

A similar analysis may be made for other loca- 
50 ttons and other orientations but from the foregoing, 
it can be readily understood that forces exerted 
onto the rotor 18 or onto the shaft 12 as a result of 
the inertia of rotor 18 may be transmitted through 
the races 20, 22, 26, 28 to the balls 24, 30 in the 
55 bearing assemblies 16, 17 and may potentially 
damage the surfaces of the races 20, 22, 26, 28 or 
batfs 24, 30. Where the damage will occur first 
depends on the relative hardness of the balls 24, 
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30 and races 20, 22, 26, 28. 

From FIG- 1 , it is readily apparent that a signifi- 
cant amount of the shock or impact force Fx may 
be dissipated and absorbed by some method 
where the movement of rotor 18 in the direction 
indicated by arrow 32 is significantly restricted. 

Since the penetration of the balls 24, 30 into 
the respective races 20, 22, 26, 28 is primarily a 
function of the movement of rotor 18, and the 
relative hardness of the balls 24, 30 and races 20, 
22, 26, 28, for example in direction of arrow 32, the 
blocking of such movement in direction of arrow 32 
will limit the compression of the elements of the 
ball bearing assemblies 16, 17 to the point where 
the balls 24, 30 will not excessively penetrate the 
surfaces of the races 20, 22, 26, 28 and accord- 
ingly also wilt prevent damage to the ball bearing 
assemblies 16, 17. 

Referring now to FIG. 2, the spindle drive mo- 
tor 10 of FIG. 1 is illustrated with crash stop rings 
60 and 62. Crash stop ring 60 is inserted into 
engagement with and supported by the interior 
surface 64 of rotor 18. Crash stop ring 60 is fab- 
ricated to a dimension which will leave a small gap 
or clearance 66 between the inner diameter 68 of 
crash stop ring 60 and shaft 12. Similarly, crash 
stop ring 62 is inserted into and supported by the 
inner cylindrical surface 64 of rotor 18 and is 
manufactured to provide a gap 70 between crash 
stop ring 62 and shaft 12. The gaps 66 and 70 
must be sufficient to prevent any inhibition of rota- 
tion of rotor 18 with respect to the shaft 12. How- 
ever, when rotor 18 is attempted to be rotated 
about point P2 or any other similar point along the 
axis of shaft 12, stop ring 60 and stop ring 62 will 
be shifted substantially in a radial direction, toward 
the circumference of shaft 12 resulting in engage- 
ment when the gaps 66 and 70 are closed. Once 
either or both gaps 66, 70 are closed at any point 
between the shock ring 60 and 62 in shaft 12, 
further movement of rotor 18 in the direction in- 
dicated by arrow 32 is restricted. Thereafter, con- 
tinued increases in the force level of force couple 
44, 46 of FIG. 1 generated within the ball bearing 
assemblies 16, 17 is prevented and the force cou- 
ples already existent when crash stop ring 60 or 62 
engage shaft 12 are limited to forces less than that 
necessary to cause permanent plastic deformation 
of the components of bearing assemblies 16, 17. 

With reference now to FIG. 3, an embodiment 
is illustrated which is similar in function to the 
embodiment illustrated in FIG. 2. Crash stop ring 
62 is engaged with and supported by a shaft 12. 
Crash stop ring 62 and rotor 18 define the narrow 
gap 71 and the crash stop ring is disposed adja- 
cent to bearing assembly 16. Similarly, crash stop 
ring 60 is displaced from the position illustrated in 
FIG. 2 to a position near the lower extremity of 



rotor 18 as illustrated in FIG. 3. Similar to gap 71, 
gap 67 is located between crash stop ring 60 and 
rotor 18. Crash stop ring 60 also is engaged with 
and supported by shaft 12 in an analogous manner 

5 to that of crash stop ring 62. Due to the location of 
crash stop ring 60, displaced a greater distance 
from the ball bearing assemblies 16, 17, the gap 67 
may be slightly enlarged over the corresponding 
dimension of gap 66 as shown in FIG. 2. Crash 

w stop rings 60 and 62 in FIGS. 2 and 3 limit the 
rotation of rotor 18 about the X or Y axis, where the 
Z axis is coincident with the axis of shaft 12, and 
the axis of rotation of rotor 18. 

An alternative embodiment of a crash stop ring 

15 installation is found in FIG. 4, reference to which is 
now made. Spindle motor 10 is illustrated having a 
fixed shaft 12 and rotor 18. The rotor 18 is sup- 
ported on shaft 12 by ball bearing assemblies 16, 
17. The remainder of the structure of the motor is 

20 conventional and accordingly will not be further 
described in detail. 

Positioning the crash stop rings 80 between 
ball bearing assemblies 16, 17 is effective to per- 
form the protective function even when flexure of 

25 the shaft would interfere with proper operation of 
the motor when the crash stop rings 60, 62 are 
positioned as in FIG. 3. This positioning applies to 
either solid or piezoelectric crash stop rings. 

Crash stop rings 80 are disposed intermediate 

30 and relatively closely disposed to ball bearing as- 
semblies 16, 17. The crash stop rings 80 are 
fabricated to be supported on shaft 12 and to 
remain stationary therewith. In order to engage the 
interior surface 64 of rotor 18, a ring of variable and 

35 controllable outside diameter is provided. The 
crash stop ring 80 is a piezoelectric composite 
wherein a piezoelectric material is bonded to a 
metal support. The piezoelectric ring and metal 
support may be contracted by the application of a 

40 voltage 82. The control of the voltage 82 may be 
by a switch 84 which is schematically illustrated in 
FIG. 4. The completion of the circuit is by a con- 
ductor 86 leading to ground 88. By closing switch 
84, voltage 82 is applied to the crash stop rings 80 

45 thus causing them to contract. For a better under- 
standing of the construction of a piezoelectric crash 
stop ring 80, reference is made to FIG. 5. 

Ring 80 is fabricated from a shallow metal disk 
formed into the shape of a cup 92. The cup 92 is 

so composed of a planar bottom wall 94 and a gen- 
erally upstanding cylindrical outer wall 96. The cup 
92 may further be provided with an inner cylindrical 
wail 98 to engage shaft 12. Disposed within the 
cavity of the crash stop ring 80 is a ring 100 of 

55 piezoelectric material such as quartz or lead-zir- 
conatetitanate. Piezoelectric ring 100 is bonded to 
the inner surfaces of cup 92 so that any change in 
dimension of piezoelectric ring 100 will also affect 



6 



11 



EP 0 665 545 A2 



12 



the dimensions of the cup member 92. With the 
selection of an appropriate piezoelectric material 
for ring 100 and the orientation of that material to 
respond in a direction substantially radially to pi- 
ezoelectric ring 100, the piezoelectric ring 100 may 
be contracted or shrunk by the application of volt- 
age 82 upon closure of switch 84. Since piezoelec- 
tric ring 100 is bonded or attached to cup 92, the 
outside diameter of upstanding wall 96 will de- 
crease slightly with the application of voltage 82. 
Accordingly, the periphery of cup 92 may be pulled 
back or retracted from engagement with rotor 18, 
as illustrated in FIG. 4. With the voltage 82 applied 
to the piezoelectric composite crash stop ring 80, 
the gap created between the periphery of crash 
stop ring 80 and the rotor 18 will permit the rotor 
18 to rotate about its axis of rotation without inter- 
ference from the crash stop ring 80. The mag- 
nitude of the gap 63 formed by the contraction of 
crash stop ring 80 may be controlled by the mag- 
nitude of the voltage 82. 

When the voltage 82 is interrupted by opening 
switch 84, the piezoelectric ring 100 will relax to its 
inactivated state and thereby expand the metal cup 
92 until such time as the periphery of the cup 92 
engages the interior surface 64 of rotor 18. With 
the crash stop ring 80 engaged with rotor 18, rotor 
18 is immobilized and is prevented from any move- 
ment relative to shaft 12 within the structural capa- 
bilities of the materials of crash stop ring 80, bear- 
ing assemblies 16, 17, rotor 18, and shaft 12. 

Effectively, the crash stop rings 80 share any 
shock loading which might be imparted to either 
shaft 12 or rotor 18. By sharing the shock forces 
imparted to rotor 18 or shaft 12 with the bearing 
assemblies 16, 17, the crash stop rings 80 thus 
increase the maximum shock load which may be 
experienced by the spindle motor assembly 1 0 and 
at the same time effectively raise the allowable 
shock loading of the motor 10 above that which 
may be sustained by the bearing assemblies 16, 
17 alone without damage to the bearings 16, 17. 

Another embodiment utilizing crash stop rings 
to immobilize undesirable movement of rotor 18 is 
illustrated in FIG. 6. 

Similar to the other spindle motors illustrated in 
FIGS. 1 thru 4, rotor 18 supports magnetic disks 52 
for rotation about shaft 12. Rotor 18 in PIG. 6 is 
provided with a flange 110 extending radially from 
the one end of rotor 18, Flange 110 is bracketed 
by two piezoelectric rings 112 forming a caliper 
111 which is disposed and arranged to engage the 
planar surfaces of flange 110 near the periphery 
114 of flange 110. Piezoelectric rings 112 are fixed 
to and supported by a clamp frame 116. Clamp 
frame 116 is an annular structure having a U- 
shaped cross-section. The dimensions of the cali- 
per 111 which comprises piezoelectric rings 112 



and clamp ring 116 are such that whenever the 
piezoelectric rings 1 1 2 are in their relaxed state the 
piezoelectric rings 112 will physically contact and 
forcibly engage the planar surfaces of flange 110. 

5 Voltage 82 when applied to the piezoelectric rings 
1 1 2 by closing switch 84 causes the piezoelectric 
rings 112 to contract and reduce themselves in 
thickness in a direction substantially parallel to the 
axis of rotation of shaft 12. This reduction in thick- 

w ness of piezoelectric rings 112 effectively retracts 
rings 1 12 from engagement with flange 110, releas- 
ing flange 110 for rotation about shaft 12. 

Each time voltage 82 is disconnected from the 
piezoelectric rings 112, the piezoelectric rings 112 

75 return to their relaxed state grasping and clamping 
flange 110, and movement of the rotor 18 by a 
shock or impact force being exerted onto the disk 
drive 10 is resisted by the clamping of the piezo- 
electric rings 112 onto flange 110, thereby reduc- 

20 ing or eliminating the undesirable movement of 
rotor 18 which would ordinarily deform and poten- 
tially damage bearing assemblies 16, 17. 

Piezoelectric rings 112 are fabricated from a 
suitable piezoelectric material such as quartz or 

25 lead-zirconatetitanate and the piezoelectric material 
is oriented such that the retraction of the piezoelec- 
tric material in a direction substantially normal to 
the plane of the piezoelectric material engaging 
flange 110 creates a clearance gap 113, between 

30 flange 110 and piezoelectric rings 112. The orienta- 
tion of the two rings 112 is such that the retraction 
movement is in opposite directions thereby leaving 
a gap between each of the piezoelectric rings 112 
and flange 110 upon the application of a sufficient 

35 voltage 82. With the reduction in thickness of the 
rings 112, flange 110 is free to rotate therebetween 
and thus rotor 18 is freed to operate in its normal 
and conventional fashion for data recording and 
retrieval. It should be understood that the signifi- 

40 cant aspect of this invention is to prevent move- 
ment of the rotor 18 with respect to the shaft 12, 
around or along either an X or Y axis or a combina- 
tion of the two axes, whenever the Z axis is co- 
incident to the axis of rotation of rotor 18 and shaft 

45 12. 

The caliper 1 1 1 may have the piezoelectric 
rings 112 formed in segments since the contrac- 
tion/expansion direction is such that a complete 
ring is not necessary. The caliper III also may be 

so fabricated with only a limited number of segments 
or pads engaging a portion of flange 110. The 
important factor to consider when determining the 
use of segments or pads to engage flange 110 is 
to provide sufficient grasping area in the caliper 

55 1 1 1 to immobilize rotor 1 8. 

By restricting the undesired moments and 
movements of rotor 18 with respect to shaft 12, the 
forces exerted on the races of the ball bearing 
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assemblies 16, 17 of the spincife motor 10 are 
limited and maintained at less than those torces 
which wiil cause failure by indenting the race sur- 
face with the balls 24, 30 of the ball bearing as- 
semblies 16, 17, to the point of permanent de- 
formation. 

Referring to Fig. 7, a disk drive 110 is illus- 
trated which may advantageously incorporate the 
crash stop rings of this invention. The disk drive 
110 includes an actuator 124 and magnetic disk 52. 
Magnetic disk 52 is supported by rotor 18 which is 
in turn rotationally supported surrounding shaft 12. 

It should be understood that the placement of 
the crash stop rings 60, 62 may be made at any 
number of varying locations along shaft 12. The 
essential aspect of the crash stop ring is to provide 
a very small gap 68 or 70 between the crash stop 
ring ,00, 62 and either the shaft 12 or the rotor 18 of 
the spindle motor 10 such that upon movement of 
the rotor 18, the gap 68 or 70 will be reduced to 
the point where the crash stop ring 60, 62 will 
engage with a solid surface of shaft 12 or rotor 18 
and prevent further undesired movement of rotor 
18 relative to shaft 12. Once the crash stop ring 60, 
62 is moved into engagement with either the shaft 
12 or rotor 18, the crash stop ring 60, 62 can then 
absorb and share some of the forces and loading 
between shaft 12 and rotor 18 such that the ball 
bearing assemblies 16, 17 will not be stressed to 
the point of failure. 

It should be further understood that other minor 
modifications may be made to the several embodi- 
ments described herein without departing from the 
scope of claims attached hereto. 

Claims 

1. A disk drive for storing data comprising; 

an electrical motor including a shaft and a 
rotor, supporting at least one magnetic disk; 
surrounding said shaft, a pair of ball bearing 
assemblies, 

said rotor rotationally supported relative to said 
shaft by said ball bearing assemblies, 
said rotor comprising an interior cylindrical sur- 
face co-axial with said shaft; and 
at least one ring rigidly attached to one of said 
shaft and said rotor and having a cylindrical 
surface in confronting relation to the other one 
of said shaft and said rotor and spaced from 
said other one of said shaft and said rotor by a 
distance less than the distance said rotor must 
move relatively toward said shaft to cause per- 
manent deformation of surfaces within said ball 
bearings, 

whereby said rotor is prevented from being 
displaced sufficiently to permanently deform 
any portion of any of said ball bearings. 



2. The disk drive of claim 1 wherein said ball 
bearing assemblies are disposed spaced apart 
and said ring is disposed on said shaft and 
intermediate said bearing assemblies. 

5 

3. The disk drive of claim 1 wherein said ball 
bearing assemblies are disposed adjacent to 
each other and said ring is disposed axially 
displaced from said bearing and disposed out- 
re) side said bearings. 

4. The disk drive of any one of claims 1 to 3 
wherein said ring is disposed on said shaft, 
intermediate said bearing assemblies, and said 

is ring further comprises a piezoelectric material 

which contracts when an electrical potential is 
applied to said ring, thereby creating a gap of 
said distance. 

20 5. The disk drive of any one of claims 1 to 4 
wherein said at least one ring comprises a pair 
of rings, one of said rings disposed adjacent 
each of said bearing assemblies, said rings 
having a metal portion and a piezoelectric por- 

25 tion bonded together, said piezoelectric portion 

contracting under an electrical potential, 
whereby said ring releases said rotor from 
engagement when energized and engages said 
rotor when de-energized to prevent movement 

30 of said rotor relative to said shaft. 

6. A shock damage prevention apparatus for pre- 
venting permanent deformation in components 
of ball bearings of a device having a shaft and 
35 a rotor, said shaft and said rotor supported 

relative to each other by ball bearing assem- 
blies, said damage prevention apparatus com- 
prising: 

a shock absorbing annular ring disposed sur- 
no rounding said shaft and having an outer sur- 

face complementary to an interior surface of 
said rotor, said ring having a radial width to 
form a gap between said ring and one of said 
interior surface and said shaft of a radial dis- 
45 tance less than a distance said rotor must be 

displaced in said radial direction to effect per- 
manent deformation of any portion of said baH 
bearings. 

50 7. The apparatus of claim 6 wherein said motor 
includes at least a pair of ball bearings and 
said ring is disposed displaced along said 
shaft and displaced from said pair of ball bear- 
ings whereby radial displacement of said rotor 

55 is restricted to an amount insufficient to cause 

permanent deformation of elements of said 
bearings. 
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8. The apparatus of claim 6 or 7 wherein said 
ring is disposed on said shaft and intermediate 
said bearings and said ring comprises a piezo- 
electric portion responsive to an electrical po- 
tential to contract, whereby said outer surface 5 
of said ring and said inner surface of said rotor 

are each disengaged from the other when said 
ring is contracted and engaged with the other 
when said ring is not contracted. 

W 

9. A magnetic disk drive for storing data compris- 
ing: 

a drive motor inciuding a shaft and. a rotor 
rotational ly mounted for movement relative to 
said shaft; at least a pair of ball bearings 75 
disposed intermediate said rotor and said 
shaft; 

^ai least one magnetic disk disposed on said 
rotor for rotation with said rotor and relative to 
said shaft; 20 
a flange disposed on said rotor extending radi- 
ally from said rotor and having a pair of planar 
faces; 

a first ring spatially fixed with respect to said 
shaft and disposed juxtaposed with one face of 25 
said flange; 

a second ring spatially fixed with respect to 
said shaft and disposed juxtaposed with one 
face of said flange; 

said rings having a state of contraction in a 30 
direction perpendicular to said faces when in- 
fluenced by an electrical potential and a de- 
energized state when not influenced by an 
electrical potential; 

a source of electrical potential connected to 35 
said rings; 

a switch intermediate said source and said 
rings to connect and disconnect said source 
and said rings; 

whereby said flange is disengaged by said 40 
rings when an electrical potential is applied to 
said rings and said flange is engaged by said 
rings when said source is disconnected. 

10. The magnetic disk drive of claim 9 wherein 45 
said direction of contraction of said first ring 

and said direction of contraction of said sec- 
ond ring are opposing and directed away from 
said flange and wherein said first and second 
rings are disposed, in their contracted state, so 
with at least one surface of said first ring and 
one surface of said second ring spaced from 
said flange by a distance permitting free rota- 
tion of said rotor with said rings in said con- 
tracted state and engagement of said flange by 55 
said first and second rings with said rings in a 
de-energized state. 
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